The ideal treatment for acute leptospirosis has not been defined (6) . The fluoroquinolones have in vitro activity against Leptospira spp. and thus have potential as therapeutic agents (8, 9, 13) . Despite this, evaluation of their in vivo efficacies has been limited and has yielded conflicting results (11, 14) . In this study, the efficacies of ciprofloxacin, gatifloxacin, and levofloxacin in preventing mortality in a hamster model of acute lethal leptospirosis were investigated.
Female Golden Syrian hamsters (Harlan-Sprague-Dawley, Indianapolis, IN) were infected by intraperitoneal injection of 10 5 Leptospira interrogans serovar Portlandvere organisms as previously described (7) . In each experiment, groups of 10 hamsters received various doses of a study medication (ciprofloxacin, gatifloxacin, or levofloxacin) via intraperitoneal injection once daily for 5 days, starting on the second day after infection. The doses of the study agents used were 5, 25, and 50 mg/kg of body weight/day. The dose of 50 mg/kg/day was chosen as it approximated the human equivalent doses delivered by 500 mg of levofloxacin, 400 mg of gatifloxacin, and 400 mg of ciprofloxacin based on body surface area (5) . Five-and 25-mg/kg/day doses were chosen to determine if efficacy would be seen with lower doses. In order to ensure reproducibility within the model and to verify the lethality of the inoculum, each study medication group was compared with a group of hamsters that received 5 days of doxycycline (5 mg/kg/day) and with an untreated control group. The experiments involving levofloxacin and ciprofloxacin were performed twice. Because of the development of diarrhea in animals treated with gatifloxacin, only a single experiment was performed with this drug. Kaplan-Meier plots were constructed for each study medication, and survival differences between study groups were compared by the log rank test. P values of Յ0.05 were considered significant. All experimentation was approved by our Institutional Animal Care and Use Committee.
All untreated animals died by the eleventh day after infection. All but one (49/50) of the animals treated with doxycycline survived to the end of the study. Ninety-five percent of animals treated with levofloxacin at doses of 25 and 50 mg/kg/ day survived to study the completion of the study, whereas the 5-mg/kg/day dose produced 40% survival (Fig. 1) . Treatment with any dose of levofloxacin for 5 days significantly improved survival compared to no treatment (P Ͻ 0.01). At doses at or above 25 mg/kg/day, survival with levofloxacin therapy was not statistically different from that with doxycycline therapy.
Ciprofloxacin therapy resulted in survival rates of 90% when given at 50 mg/kg/day and 60% when given at 25 mg/kg/day. All animals treated with 5 mg/kg/day of ciprofloxacin died prior to the end of the study (Fig. 2) . All doses produced either significantly improved survival (P Ͻ 0.01) or, in the case of the lowest dose, a significant delay in mortality (P ϭ 0.001) compared to no treatment. However, only the survival produced by treatment with 50 mg/kg/day was not statistically different from survival with doxycycline.
Gatifloxacin therapy at any dose improved survival compared to that for untreated animals ( Fig. 3 ; P Ͻ 0.01). Survival rates with 5 and 25 mg/kg/day of gatifloxacin were 90 and 100%, respectively, whereas survival with 50 mg/kg/day was 60%. The decrease in survival seen in the high-dose gatifloxacin group appeared to be due to the development of antibioticassociated diarrhea.
In this study, levofloxacin, gatifloxacin, and ciprofloxacin were able to prevent mortality from acute leptospirosis in hamsters. When given at higher doses, each drug performed similarly to doxycycline, a well-accepted therapy for leptospirosis. This suggests that the fluoroquinolones may be effective therapy for cases of human leptospirosis.
At first glance, the fluoroquinolones seem like ideal therapy for leptospirosis. They are active against numerous Leptospira serovars in vitro, and their broad spectrum of activity allows coverage of other diseases that may be considered in differential diagnosis (8, 9, 13) . Their long half-lives, good oral bioavailability, and relative lack of adverse effects allow convenient and easy-to-tolerate dosing regimens. Despite these advantages, their in vivo efficacies have not been adequately evaluated (3) . To our knowledge, only two prior investigations have examined their use in animal models, and these gave conflicting results, likely because of methodological differences (11, 14) .
Gatifloxacin performed well in this study, but treatment with high doses of this medication was associated with increased toxicity from diarrhea. Hamsters are very susceptible to antibiotic-associated diarrhea, and the wide antimicrobial spectrum of gatifloxacin (to include coverage of anaerobic bacteria) likely increased the risk of diarrhea in our animals. Ciprofloxacin demonstrated a survival benefit smaller than those of the other fluoroquinolones, with only the highest dose producing survival similar to that for doxycycline. In vitro, ciprofloxacin is as active as levofloxacin, so this decrease in efficacy is not likely due to decreased activity of the antimicrobial itself (8, 9) . Rather, the pharmacodynamics of ciprofloxacin are likely to blame. The pharmacodynamic index best predictive of fluoroquinolone efficacy is the ratio of the area under the concentration curve (AUC) relative to the MIC (1, 4, 10) . The AUC for ciprofloxacin in hamsters is smaller than that for other fluoroquinolones in the dose range used in this experiment (2, 12) . Thus, the low efficacy of ciprofloxacin compared to those of the other two agents is most likely related to relative underdosing.
This pharmacodynamic consideration highlights the main limitation of this study. While an attempt was made based on body surface area to use experimental doses that were roughly equivalent to the usual human doses of these medications, the doses used in this study likely produced AUCs for hamsters which are smaller than those obtained for humans, leading to relative underdosing for all study medications compared to doses for humans (2, 12) . That aside, improved mortality was demonstrated in this model even with these relatively small AUCs. This suggests that these medications, when given at the usual human doses, are likely to be efficacious. In this study, the fluoroquinolones were shown to be effective in reducing hamster mortality in a model of acute leptospirosis. Further research into their potential use against human leptospirosis is warranted. 
